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Monday, February 9, 2015 201aMutations in MYBPC3, the gene encoding the muscle regulatory protein car-
diac myosin binding protein-C (cMyBP-C), are among the most common
causes of hypertrophic cardiomyopathy (HCM) in both people and cats. How-
ever, despite the high prevalence of mutations in MYBPC3, relatively little is
understood regarding how mutations lead to disease. One possibility is that
some point mutations alter cMyBP-C protein structure leading to enhanced
degradation and elimination of the mutant protein. If levels of cMyBP-C pro-
tein expression are reduced, then haploinsufficiency (lack of sufficient protein)
can trigger disease. Here we tested this idea by analyzing the impact of the
A31P mutation, linked to HCM in Maine Coon cats, on 1) the in vitro protein
structure of the C0 domain of cMyBP-C, and 2) the total protein expression of
cMyBP-C in myocardium of aged cats heterozygous for the A31P mutation. In
vitro results demonstrated that the A31P mutation disrupts folding of the C0
domain as shown by three independent methods: altered epitope recognition
onWestern blots; changes in sensitivity to proteolytic degradation; and reduced
b-sheet content assessed by circular dichroism. Western blots of endogenous
cMyBP-C obtained from myocardial samples also suggested that C0 structure
is altered in vivo because an antibody that preferentially recognizes C0 reacted
less with A31P cMyBP-C compared to wild-type cMyBP-C. However, despite
these significant structural differences, the A31P cMyBP-C was incorporated
into sarcomeres and total cMyBP-C protein (wild-type plus mutant) was similar
in wild type and heterozygous A31P cats. These results suggest that despite
protein folding abnormalities, the A31P mutation does not lead to haploinsuf-
ficiency in the population of older heterozygous cats studied here. Supported by
NIH R21HL093603.
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Myosin heavy chain 7 (MYH7) mutations are associated with familial cardio-
myopathies (FCM) and result in a high rate of sudden cardiac death. Human
induced pluripotent stem cells derived cardiomyocytes (hiPSC-CMs) have
recently shown promise as a model for studying FCM. We identified a cohort
with familial cardiomyopathy (FCM) associated with a MYH7 mutation
(E848G) and middle-age onset of systolic dysfunction and arrhythmias.
hiPSC-CMs from patient affected (FCM-CMs) and non-affected (WT-CMs)
individuals were generated from skin fibroblasts. Here we report, for the
first time, contractile properties of isolated myofibrils from these cultured
hiPSC-CMs for comparison using cultured cells and 3D engineered cardiac
tissue (3D-ECT) constructs. Isolated myofibrils were obtained from dif-
ferentiation day 20 hiPSC-CMs that were replated onto fibronectin-coated
nanopatterned cover slides and matured in culture for an additional 60 days
to obtain elongated and aligned myofibrils. This procedure produced hiPSC-
CMs that were usually > 100þ mm in length. hiPSC- FCM-CMs and WT-
CMs were harvested and skinned in a rigor solution containing 1% Triton
and contractile properties of single or small bundles of myofibrils were
measured in a custom built apparatus with rapid solution switching capabil-
ities. During maximal calcium activation FCM-CM myofibrils produced
approximately half the amount of force of WT-CM myofibrils, but prelimi-
nary data suggests no differences in the kinetics of force development or
relaxation. This compares well with 50 day cardiomyocytes plated on nano-
patterned surfaces or seeded into 3D-ECT constructs, where shortening and
force (respectively) of FCM-CMs was much less than for WT-CMs, with
no difference in calcium transient amplitudes. We speculate this early stage
contractile deficit may contribute to disease development and conclude
hiPSC-FCM-CMs can be a viable model for mechanical studies of cardiomy-
opathies in vitro.
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CA, USA.We have created a computational model of cardiac thin filament regulation that
includes a representation of the troponin I inhibitory region (or inhibitory pep-
tide, IP) and its binding interactions with actin. According to a canonical view
of thin filament activation, IP-actin binding prevents movement of tropomyosin
out of its blocked position under low Ca2þ conditions. Ca2þ binding to troponin
C (TnC) causes dissociation of the IP from actin, and permits tropomyosin tran-
sition. Instead of assuming that IP-actin interactions are infinitely strong in the
absence of Ca2þ, our model allows some spontaneous IP-actin dissociation. We
have used the energetic cost of Ca2þ-free dissociation (DG) as a free parameter
to determine whether the model can recapitulate changes to the IP. For instance,
lowering DG while keeping all other model parameters constant increases the
Ca2þ sensitivity of steady-state force in model simulations. These model results
closely resemble experiments in which the IP is mutated (T144P; Tachampa et
al., Circ Res 101:1081, 2007). We hypothesize that alterations to the IP in the
form of cardiomyopathic mutations or phosphorylation have the ability to tune
the dynamic Ca2þ sensitivity of cardiac muscle, altering the magnitude and
time course of twitches. Twitch simulations demonstrate that lowering DG
from infinity to 6.75 kJ/mol increases the magnitude and duration of contrac-
tion by 17 and 20%, respectively. These results suggest that twitch dynamics
can be modified substantially by the energy of IP-actin binding. They further
suggest that the model can be used to explore the effects of IP mutations and
posttranslational modifications.Platform: Protein Lipid Interactions II
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We propose a new topology of a bacterial membrane protein that serves to
sense changes in mechanical bilayer properties and, through interactions with
a potassium ion channel, to trigger biofilm formation (1). The membrane-
associated protein MstX (2) from Bacillus subtilis self-inserts into lipid bilayers
in such a way that its four helices lie parallel to the bilayer plane, with two he-
lices residing in each of the two apposing lipid headgroup regions. This topol-
ogy suggests a functional role of the protein as a modular entity for sensing
membrane properties such as bilayer thickness and hydration, as indicated by
a combination of different optical-spectroscopic techniques probing protein
structure and dynamics as a function of the effective hydrophobic diameter
of the membrane core. Accordingly, increasing membrane thickness or
decreasing membrane hydration results in a loosening of the helical-bundle
structure of MstX, which, through physical but noncovalent contacts, affects
the open probability or the single-channel conductance of YugO, a hitherto un-
characterised potassium ion channel essential for biofilm formation that is en-
coded in the same bicistronic operon as MstX (3). Leakage of potassium ions
through YugO finally initiates known signal transduction cascades that result
in the derepression of a set of genes required for biofilm formation.
References:
(1) Broecker et al. J. Am. Chem. Soc. 2014, accepted, DOI 10.1021/ja5064795
(2) Roosild et al. Science 2005, 307, 1317
(3) Lundberg et al. PLoS One 2013, 8, e60993
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Pathogenic Neisseria gonorrhoeae, the causative agent of gonorrhea, possess a
family of outer membrane proteins referred to as opacity-associated (Opa) pro-
teins. These Opa proteins are b-barrel outer membrane proteins that bind to hu-
man host cell receptors, inducing engulfment of the bacterium. To date, there
have been over 300 distinct opa alleles sequenced. The differences in sequence
have stemmed primarily from recombination events, and are most pronounced
in two regions of the protein in the second and third extracellular loops (termed
hypervariable regions, HV1 and HV2). These HV regions are responsible for
determining receptor specificity. The most abundant Opa family engages hu-
man CEACAM receptors (carcino-embryonic antigen-like cellular adhesion
molecules). While the Opa protein family has conserved structural elements,
the molecular determinants of the receptor interactions are unknown. We
202a Monday, February 9, 2015aim to compare the function of a variety of Opa proteins reconstituted into li-
posomes in order to define how differences in Opa sequence and structure
determine receptor binding. To investigate the structural motif for Opa-
receptor recognition and engagement, we are employing techniques that will
yield both low and high resolution models of the Opa-receptor complex. Affin-
ities for a variety of CEACAM-binding Opa family members were determined
using fluorescence polarization, with dissociation constant values ranging from
~1-10 nM. To determine which specific amino acids are involved in receptor
recognition, competition assays were performed using different peptides that
mimic segments of the HV regions of Opa proteins. X-ray crystallography of
the Opa-CEACAM complex is being pursued for a higher resolution under-
standing, and progress towards the structure will be presented. The results of
these experiments provide insights into the specific molecular determinants
of Opa protein interactions with host receptors.
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The interfacial region of the bilayer is a complex environment composed of
lipid head groups, phosphates, diglycerides and a gradient of water molecule
density. Due to the statistical preference of the aromatic residues for this
area of the bilayer, it is generally believed that these residues are important
for both folding and positioning of proteins within the membrane. To interro-
gate if this preference has a thermodynamic basis, we measured the water-to-
lipid free energy changes for the aromatic side chains as a function of depth
in the lipid bilayer. We used outer membrane phospholipase A (OmpLA) as
a host membrane protein to introduce lipid-facing amino acid substitutions.
At twelve sites, we mutated host side chains to alanine, tryptophan, tyrosine
and phenylalanine. Chemical denaturation and thermodynamic linkage were
employed to measure side chain water-to-lipid free energy changes. These
quantities were calculated by taking the difference between stabilities
(DDGow,l) of OmpLA aromatic variants from that of alanine, which was used
as a reference state. The experimental data can be interpreted as a sum of
water-to-lipid transfer free energies and specific nearest neighbor interactions
between certain side chains. We used molecular dynamics simulations and dou-
ble variant cycles to model and quantify these nearest neighbor interactions.
Altogether, our findings indicate that the tryptophan and tyrosine aromatic
side chains exhibit a depth-dependence in DDGow,l values whereas phenylala-
nine shows no such trend. These data demonstrate that the enrichment of tryp-
tophan and tyrosine in interfacial regions of bilayers is due to their favorable
contributions to the thermodynamic stabilities of membrane proteins.
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Despite the vast importance of outer membrane proteins (OMPs), OMPs are
understudied because they must first be folded into a liposome or other mem-
brane mimetic.1 There is no ideal folding condition that works for all OMPs, so
empirical screens are used to determine the best conditions for a given OMP to
fold.2 We aim to analyze the fates of various OMPs (fold, aggregate, or lipid-
associate without folding) in a variety of conditions to understand the protein
(particularly extracellular loop), lipid, and buffer characteristics that determine
the proteins’ fate. Theoretical understanding of folding determinants would
significantly decrease the time needed to find a folding system for any partic-
ular OMP, which could expedite in vitro work on membrane proteins. Four
OMPs were chosen for study: OmpA, OmpW, Opa60 and OmpX. OmpA and
OmpX are promiscuous folders, while Opa60 and OmpW are difficult folders.
2,3
All four are eight stranded b-barrels, with extracellular loops of varying size,
pI, and hydrophobicity. The OMPs were overexpressed to inclusion bodies
and purified using centrifugation and wash steps, with final purity demonstrated
by SDS-PAGE. OMPs were folded into liposomes (SUVs and LUVs) and pro-
tein aggregate was separated from folded and lipid-associated protein via ultra-
centrifugation.3 Folded and unfolded protein in each fraction was determined
by SDS-PAGE and gel densiometry, as fully folded b-barrels migrate differ-
ently than lipid-associated protein through a polyacrylamide gel. Results for
the four OMPs at various pH, lipid chain length, and salt concentrations are
presented.
1. LK Tamm, H Hong, and B Liang. (2004) Biochim Biophys Acta, 1666, 250.
2. NK Burgess, TP Dao, AM Stanley, KG Fleming. (2008) J Biol Chem, 283,
26748.
3. AH Dewald, JC Hodges, L Columbus. (2011) Biophys J, 100, 2131.1013-Plat
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Membrane insertion of beta-barrel Outer Membrane Proteins (OMPs) is essen-
tial for Gram-Negative bacteria and requires the coordinated action of both
periplasmic chaperones and the outer membrane complex known as beta-
Barrel Assembly Machinery (BAM). BamA, a beta-barrel OMP itself, is the
central component of BAM, which also has four associated lipoproteins:
BamB, C, D and E. BamA and BamD are essential for viability and appear
to be present in all bacteria with an outer membrane. In the current model, peri-
plasmic chaperones prevent OMP aggregation in the periplasm and deliver
their cargo to the BAM complex for insertion into the outer membrane. We
have determined the crystal structure of the periplasmic chaperone Skp. With
NMR and crosslinking experiments we show that Skp binds the transmembrane
domain of OmpA, a model beta-barrel OMP, in its cavity maintaining it in an
unfolded state while protecting it from aggregation. Interestingly, the periplas-
mic, non-membrane domain of OmpA is allowed to fold to its native conforma-
tion explaining the specific importance of Skp on the OMP biogenesis pathway.
We also present high-resolution structures of the lipoproteins BamB, C and D
as well as the periplasmic domain of BamA, which contains five POTRAmotifs
thought to organize the BAM complex and associate with nascent OMPs en
route to insertion in the outer membrane. In addition, we report the first struc-
ture of a complex between BamB and a POTRA3-5 fragment of BamA that
begins to illuminate the BAM complex architecture. Using complementary
Small Angle X-ray Scattering and NMR we show that the BamA POTRA
domain undergoes conformational transitions, which functional experiments
show are crucial for its role in OMP folding and insertion.
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Gram-negative bacteria are characterized by the presence of an asymmetric,
lipopolysaccharide-containing outer-membrane (OM). While the OM allows
free diffusion of small molecules across it through open porins, importing large
molecules (> ~600 Da) is challenging. TonB-dependent transporters, a class of
OM proteins, have evolved to aid the import of large, scarce nutrients by
coupling to an energy-driven complex in the inner membrane. These trans-
porters possess a structurally conserved luminal domain that blocks the trans-
membrane barrel in its closed state. Now, by simulating the TonB-dependent
transporter BtuB in its native OM, we have quantified the effects of the highly
charged lipopolysaccharides on unfolding of the luminal domain. Shown to be
required for opening, we compare the unfolding pathway to previous simula-
tions in a symmetric bilayer. Finally, we relate unfolding to a structural shift
of the luminal domain in the ligand-bound state that signals occupancy.
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Lipids are critical components of membranes and yet their precise composition
surrounding membrane-embedded protein complexes is often difficult to
define. Here we use native mass spectrometry to show that for the heterodi-
meric ABC transporter TmrAB the extent of delipidation can be controlled
by timed exposure to mild detergent. We subsequently characterize the cohort
of endogenous lipids that are extracted in contact with the membrane protein
complex and show that with prolonged delipidation the number of neutral lipids
is reduced in favor of their negatively charged counterparts. Interestingly we
find that lipid A is retained by the transporter and observe that the extent of
its binding decreases during the catalytic cycle, implying that lipid A release
is linked to ATP hydrolysis. Together these results allow us to propose that a
subset of annular lipids is invariant in composition, with negatively charged
lipids binding tightly to TmrAB, and imply a role for this exporter in glycolipid
translocation. The innovative approach we developed to reach our goal estab-
lishes a new methodology that will have broad applicability for the study of
lipids/membrane proteins interactions.
